Tokamaks and industrial users are faced with the task of maintaining closed-loop, low conductivity, low impurity, cooling water systems. Operating these systems concentrates the impurities in the water requiring subsequent disposal. Environmental regulations are making this increasingly difficult. This paper will discuss the solution to the problem of removing and disposing of copper ions in the DIII-D low conductivity water system. Since the commissioning of the Doublet facility in 1976, the quality of the water in the 3000 gpm system that cools the DIII-D vacuum vessel coils, power supplies and auxiliary heating components has been controlled with mixed-bed ion exchangers. Low ion levels, particularly copper, are required to operate this equipment. In early 1992, the company that leases and regenerates DIII-D ion exchangers said they no longer can accept these resin beds for regeneration due to the level of copper ion on the resin. This change in policy, a change that has been adopted throughout their industry, was necessary to assure that the Metropolitan Sewerage System of the City of San Diego stays in compliance with State of California regulations and EPA-mandated national pre-treatment standards and regulations. A cost effective solution was implemented which utilizes a reverse osmosis filtration system with the ion exchangers for make-up water. Levels of copper ion disposed to the sewer are in compliance with government standards. These measures have thus far proved effective in maintaining low conductivity and overall good quality cooling water.
INTRODUCTION
Since inception, the quality of the closed-loop, cooling water system at DIII-D that services the tokamak's magnetic coils, power supplies and auxiliary heating components has been controlled with mixed-bed ion exchangers and mechanical filters. The purification process was automatic and consisted of a conductivity controller that upon reaching a pre-set, upper conductivity limit, would automatically start a small recirculation pump located in a side-stream off the water coolant storage tank. The pump would circulate the coolant through the ion exchangers until the lower pre-set limit was reached. The pump would then be shut off by the controller.
The mixed-beds ion exchangers used at DIII-D exchange a hydrogen ion for a cation ion in the cooling water and a hydroxyl ion for a n anion. For example, cations, such as calcium and magnesium, and anion, such as carbonates and silicates, entering the beds would result in essentially pure water leaving the mixed-beds. These particular mixed-beds ion exchangers made up of strong base and strong acid resins are also known as deionizers and they, theoretically, remove all impurity ions in the water including many polar organic compounds.
Originally, it was intended to operate the DIII-D cooling water system at 1 MR-cm resistivity. For the past several years, the cooling water system has been operated at approximately 70 kR-cm resistivity to make the water less corrosive as it passes through the copper coils.
The 70 kR-cm resistivity water together with a predetermined, minimum length of rubber hose, maintains an acceptable current-leakage path to ground with the tokamak operating at a nominal 5 kV potential above ground.
The downside of reducing the resistivity to 70 kRbreak cm is that even though the water is less corrosive, there is considerable ion transport in the cooling water and attendant ion deposition. For example, the DIII-D circulating, deionized cooling water normally contains about 1.5 to 3 ppm copper which preferentially deposits on flowmeters, flow indicators, etc. This has been verified by analysis of the brownish film that forms over a period of time on the glass flowmeters. Analysis by both atomic absorption spectrophotometry and emission spectrometry show the film to be greater than 90% in copper content.
In early 1992, the company that leases and regenerates DIII-D's mixed-bed deionizers said they no longer will accept resins for regeneration that have been contaminated with the elevated levels of copper. Other suppliers in the San Diego area had similar restrictions. They said their beds are only to be used for treating potable water.
An immediate solution had to be found that would be economically feasible and be in compliance with federal, state, and local regulations. Several alternate approaches were investigated. Regeneration of the mixed-bed resin onsite by DIII-D personnel was the first. The major drawback to this process would be the handling, storage, and disposition of strong chemicals and the disposal of the processing water.
In addition, the equipment was expensive and bulky. Another approach investigated and tried was the draining of a portion of the cooling water from the system and refilling with highly deionized water. This approach turned out to be a very tedious operation and very costly in excessive deionizer regenerat ion.
It should be noted here that, prior to discharging to the sewer any treated water (which includes all p r e cessed cooling water), the water must be analyzed for copper content so that the discharge meets the disposal requirements when diluted with the sewer water from the rest of the plant.
Another approach investigated for DIII-D by one of the country's major filter manufacturers was the chemical precipitation with subsequent mechanical filtration of the copper from the cooling water. After many samplings and weeks of painstaking analysis, the effort was aborted due to the findings that the copper content in the DIII-D cooling water was below the threshold that could be reliably precipitated.
Per the recommendation of M. Price of Pollution Systems, Inc., a reverse osmosis unit was investigated for use and found to be of utmost interest. A small, 800 gallons-per-day unit was placed into operation in June 1992 and tested through the end of 1992. The unit performed quite well with a rejection rate of about 92%.
Test results fiom this s m a l l unit were so impressive that the decision was made to go with the reverse osmosis process. A 3600 gallons-per-day Nimbus Water Systems unit was purchased, installed, and placed into operation in February 1993.
PROCESS AND SYSTEM DESCRIPTION
As a unit process, reverse osmosis has been in commercial development for many years. It wasn't until about 1970 that the process was considered as a viable tool for separation of impurities from water. At first, reverse osmosis was commercially used as a "super filter" for the removal of organics and bacteria from water. The treated water was used primarily for rinsing electronic components. In industry today, reverse osmosis competes with conventional ion exchange resin for salt removal from various waters.
The Nimbus 3600, Fig. 1 , utilizes dual, thin film membrane cartridges and is a stand-alone system. The unit contains all necessary controls to protect its c o m p e nents in case of upset conditions. The unit has a 1.5 hp pump with a specification process flow rate of 2.5 gpm at a discharge pressure of 200 psi. The unit includes
FIG. 1. Nimbus 3600.
a recirculation flow circuit that controls the amount of drain water that can be reused t o reduce water wastage.
The purification system process, as shown in Fig. 2, begins with a potable city water supply routed through an activated charcoal bed. The water then flows through the reverse osmosis unit, through the mixed bed deionizers, and into the cooling water storage tank. Since this reverse osmosis unit, utilizes a thin f i l m membrane, the feed water must be chlorine free; thus, this is the reason for the chaxcoal bed. The solenoid valve on the storage tank is for draining water from the tank. The drain water from the tank and the drain water from the reverse osmosis unit are both discharged to the sewer. Again, all water discharged to the sewer is routinely monitored and analyzed for copper ion content.
The system's automatic controls include a conductivity controller and a programmable logic controller. The desired conductivity is maintained by simultaneously adding city water through the reverse osmosis/ mixed bed purification system and draining water fiom the storage ,tank. To maintain essentially a constant liquid level in the storage tank, the drain solenoid on the storage tank is orificed so that the flow rate of the drained water matches the flow rate of the treated water to the storage tank. Any required inventory makeup to the storage tank is treated the same with makeup water being initiated by the tank's liquid level sensor. less than 0.1 ppm as determined by atomic absorption analysis. It has been found that operating the unit at 2 gpm and 180 psi pump discharge pressure, this process water, low copper ion concentration, 0.1 ppm, c m be sustained and yet have the drain water that is discharged to the sewer well within City of San Diego, State of California, and EPA standards and regulations.
OPERATING HISTORY
The system has operated in concert with tokamak operations very successfully for approximately six months. The reverse osmosis unit is being operated at a nominal 2 gpm with a pump discharge pressure of 180 psi and is yielding close to a 97% rejection rate. This results in an estimated savings on mixed bed deionizers of approximately $4500 per year. The capital cost of the reverse osmosis unit will be realized in less than two years. The annual cost of the waste water from the reverse osmosis process and that drained from the storage tank is estimated at $475 including sewer and all base fees.
As stated above, the copper ion concentration in the circulating cooling water normally varies between 1.5 and 3 ppm. The copper ion concentration in the process water issuing from the reverse osmosis unit is
SUMMARY
The stated goals of the Industrial Waste Program of the several divisions of the San Diego Water Utilities Department in essence is: '<to improve and protect the water quality within Metropolitan San Diego and to protect the Sewerage System facilities from damage and misuse by limiting the discharge of toxic or potentially harmful substances to the sewerage system. These substances can interfere with the treatment operations a t the plant or pass through the plant to the ocean. In addition, the program will assure that the Metropolitan Sewerage System stays in compliance with State of California regulations and EPA mandated national pretreatment standards and regulations. 
